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Abstract. We present new CDF results on the branching fractions and time-integrated direct CP 
asymmetries for B" and BJ' decay modes into pairs of charmless charged hadrons (pions or kaons). 
The data-set for this update amounts to 1 fb~^ of pp collisions at a center of mass energy 1.96 
TeV. We report the first observation of the Bs —^ K~tt'^ mode and a measurement of its branching 
fraction and direct CP asymmetry. We also observe for the first time two charmless decays of the 
Aj-baryon: A° ~* pn^ and A° — » pK~ . 

PACS. 13.25.Hw Decays of bottom mesons - 14.40.Nd Bottom mesons 



1 Introduction 

The decay modes of B mesons into pairs of charmless 
pseudo-scalar mesons are effective probes of the CKM 
matrix with sensitivity to potential new physics. The 
production cross section of B hadrons at the Tevatron 
allows studies of such decays which are competitive 
to B factories. In addition B hadrons of all kind are 
produced at the Tevatron and thus making possible to 
complement the information by studies of decays of Bs 
mesons and B baryons which is impossible at current 
B factories. 

In this paper we review current results on charm- 
less two body decays of B hadrons from the CDF ex- 
periment using 1 fb"-'^ of data. We use charged kaons, 
pions and protons as as final state particles. The main 
results presented here are the first observation of the 
decay B'^ — >• K~tt^ and measurement of direct CP 
asymmetries in B'^ K^tt~ and i?° K~tt^ de- 
cays. The presented analysis is an update of the pre- 
vious result obtained with 360 pb~^ of data [1] and 
more details about it can be found in the Ref. [2]. 



the impact parameter do of each track and on the dis- 
placement of the secondary vertex L^^y. We use 100 
fim < do < 1 mm for the two tracks, do < 140 fj,m and 
Lxy > 200 /im for the B hadron candidate. 

The offline selection is done using pseudoexriments 
with statistical uncertainty of the studied quantity as 
a figure of merit. During the optimization, the require- 
ments from the trigger level are tightened. In addition 
to tightening trigger cuts we add other two discrimi- 
nating variables, which are the quality of the B sec- 
ondary candidate vertex fit and the isolation defined 
as I{B) — pt[B)/[pt{B) + X]iPT(i)], where the sum 
runs over all tracks not associated with the B candi- 
date in a cone of unit radius in the ri~<f> space around 
the B candidate. As a result we derive two sets of re- 
quirements, one optimized for measurements in decay 
modes with larger yields and the other one for mea- 
surements in modes with lower yields. They optimize 
the sensitivity for the measurement of the CP asym- 
metry Acp{B^ — > if +7r~) and for the discovery of the 
decay B° ^ K-tt+. 



2 Data sample 

We analyze a data sample with an integrated lumi- 
nosity of 1 fb~^ collected by the CDF II detector at 
Tevatron. Online selection of events requires two op- 
positely charged tracks, each with pr > 2 GeV/c. The 
scalar sum pt(1) +Pt(2) is required to be larger than 
5.5 GeV/c and the transverse opening angle between 
tracks ranges from 20° to 135°. The CDF detector has 
the unique opportunity to use the silicon tracking at 
trigger level. This allows us to place requirements on 
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3 Signal decomposition 

In Fig. [T] we show the typical expectation of the invari- 
ant mass distribution obtained from simulated events 
assigning pion mass to both decay products. Despite 
the excellent mass resolution on the level of 22 MeV/c^ 
it is not possible to distinguish different decays as sep- 
arate peaks in the invariant mass distribution. In ad- 
dition the particle identification system of the CDF 
detector does not allow track-by-track identification. 

To find out the composition of the signal an un- 
binned maximum likelihood fit is performed using the 
invariant tttt mass M^^j^, dE/dx measurement and mo- 
menta of the two tracks. The fit determines fractions 
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Fig. 1. Expected invariant mass distribution for differ- 
ent charmless two-body decays of B hadrons. In all cases 
the invariant mass distribution is calculated assigning pion 
mass to both decay products. 
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Fig. 2. Average M^^ versus a for simulated Bg decays. 
Corresponding dependencies for other B hadrons are anal- 
ogous. 



of different components, which are then converted to 
physical quantities hke branching fractions and CP 
asymmetries. The momenta of the two tracks enters 
in a form of loosely correlated variables ptot = Pi + P2 
and a = (1— Pi/p2)'?i where index 1 (2) corresponds to 
particle with lower (higher) momentum. The invariant 
mass with correct mass assignment to the daughters 
can be unambiguously calculated from M^^ and mo- 
menta of the two daughters. The dependence of the 
Mtttt on the a for decays is shown in Fig. [2l Decays 
of other three B hadrons have similar dependencies. 
The likelihood used in the fit has the form 



A = (i-fc)5]/,4'"/:: 



PID 



where 6 is a background fraction and indices A and E 
label physics and combinatorial background. Index j 
runs over signal B° , B° and decays modes. 

denotes the mass (particle identification) part 
of the likelihood. The background mass distribution 
is described by an Argus function convoluted with a 
Gaussian for physics background and an exponential 
function for combinatorial background. 

The need of disentangling of many overlapping sig- 
nal contributions demands a good description of the 
signal PDF distributions in the likelihood fit. One of 
the main effects for the mass description is the inclu- 
sion of a tail due to the final state radiation. This is 
modeled using QED calculations [3] . The result is then 
convoluted with the resolution function obtained from 
simulated events. The description is found to be in 
excellent agreement with Z?" ^ K~7r'^ decays from 
D*"*" D^Tr^ decays reconstructed in the data. 

For a proper description of the particle identifica- 
tion, we calibrate the dE/dx response using a data 
sample of D°tt+ with D° K~tt+, which pro- 

vides a very clean sample of kaons and pions. On this 
sample we obtain a separation between kaons and pi- 
ons around lAa. After the calibration we use the same 
data sample to derive the probability density function 
for the likelihood. This is the same for signal and back- 
ground except of fractions of different particles, which 
are independent for signal and background. 



4 Results 

The result of the analysis is a refined measurement 
of several ratios of branching fractions for previously 
observed decays. More important new decay modes 
B° K~TT^, ylg pK~ and A^ pn' are ob- 
served here for the first time. The invariant mass dis- 
tribution using a set of tighter requirements optimized 
for the observation of the — » K~tt'^ is shown in 
Fig. [3l Measured ratios of the branching fractions for 
all observed decay modes are summarized in Table [TJ 
The dominant systematic uncertainties are due to the 
statistical uncertainty on selection efficiency, the un- 
certainty on the dE/dx calibration and parametriza- 
tion and the uncertainty on the background modeling. 
In the following we will concentrate in more details 
on the two results, which are the measurement of the 
_B" K^TT^ CP asymmetry and the observation of 
the B^ K^TT^ decay and measurement of the cor- 
responding direct CP asymmetry. 



4.1 B° K+TT CP asymmetry 

As the decay i?" K^n^ is self tagging, one can 
measure the direct CP asymmetry defined as 



A, 



CP 



N{B K-TT+) - N{B° K+n-) 
K-t:+) + N{BO K+t:-) 



n(b' 



(2) 



-rfi 



f N/^kin/^PID\ 



(1) 



The only significant difference between B^ and B 
from the efficiency point of view is the difference in 
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Table 1. Results on the data sample optimized to measure Acp{B° K+-W-) (top) and B[B° K--K+) (bottom). 
Absolute branching fractions are normalized to the the world-average values B{B° K+n') = (19.7±0.6) x 10^'' and 
fs — (10.4 ± 1.4)% and fd — (39.8 ± 1.0)% [J. The first quoted uncertainty is statistical, the second is systematic. Ns 
is the number of fitted events for each mode. For rare modes both the systematic and statistical uncertainty on Ns was 

quoted while for abundant modes only the statistical one. For the modes only the ratio was measured. 



Mode 






Quantity 




Measurement 


s(io-'') 


B" 




K+Tv- 


4045 ± 84 


B("B"-^K-7r+)- 
B('b°^K-tv+) + 

B{B'>~>K+TT-) 
/, B(B°^K+ 
fd B(B"^K+7v- 


B(S°^if+7r") 
B{SO->if+ir-) 


-0.086 ± 0.023 ± 0.009 




B" 
B« 


— ^ 


K+K- 


1121 ± 63 
1307 ± 64 


) 
) 


0.259 ± 0.017 ± 0.016 
0.324 ± 0.019 ± 0.041 


5.10 ± 0.33 ± 0.36 
24.4 ± 1.4 ± 4.6 


B° 




A'~7r+ 


230 ± 34 ± 16 


h B(B»~*K+-K-) 
B{B^^K+tt-)-B{b'^I^K- TT+) 
B{'b"^K+tt-)+B(B°->K-tv+) 
fi r(B°^K~7T+)-r(B"^K+-n-) 


0.066 ± 0.010 ± 0.010 
0.39 ± 0.15 ± 0.08 
-3.21 ± 1.60 ± 0.39 


5.0 ± 0.75 ± 1.0 










f' r(s"-.if+7r~ 


)-r(B0^X-7r+) 




B^ 






26 ± 16 ± 14 


/, B(B°-,w+TT- 
Jd B(B»~*K+Tr- 


) 


0.007 ± 0.004 ± 0.005 


0.53 ± 0.31 ± 0.40 
(< 1.36 @ 90% CL) 


B° 




K+K- 
pK- 


61 ± 25 ± 35 

156 ± 20 ± 11 
110 ± 18 ± 16 


B(S°^if+K-) 
B{BO-,K+Tr-) 

B(A°^p-K-) 
BiA'l^pK-) 




0.020 ± 0.008 ± 0.006 
0.66 ± 0.14 ± 0.08 


0.39 ± 0.16 ± 0.12 

(< 0.7 @ 90% CL) 
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Fig. 3. Invariant mass distribution using selection opti- 
mized for K~n^ observation. The full line represents 
result of the fit. 



the interaction of and K~ with detector material. 
This difference is estimated using a sample of promt 
K^TT^ decays and results in a < 0.6% shift for 
the Acp obtained from the fit result. To visualize the 
difference between and B in Fig. d] we show the 
distribution of the probability ratio Csi/{Csi -\- Cs2) 

where £^1 ('^52) denotes the probability to be B^ (-S"). 
The points show data while histograms represent dif- 
ferent fit components. A small difference between B^ 
— 

and B is clearly visible. The result corrected for de- 
tector effects is Acv = -0.086 ± 0.023 ± 0.009. In 
Fig. [5] we show a comparison of this measurement to 
the other existing measurements [5l[6l[7] . Our result is 
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Fig. 4. Distribution of the probability ratio Csi/[Csi -I- 
Cs2) where Csi {Cs2) denotes the probability to be B^' 
{B ). The points show data while histograms represent dif- 
ferent fit components. 



in good agreement with other measurements with a 
precision comparable to the Belle and BABAR exper- 
iments. 



4.2 B° ^ K 
asymmetry 



branching fraction and CP 



The most important result obtained here, is the first 
observation of the decay B^ — > K'tt^ . We observe 
230 ± 34 ± 16 signal events from which we measure 



^B{Bl_^K_ 
fd B{B^ ^ 



0.066 ± 0.010 ± 0.010. (3) 
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The significance of the observed signal is 8.2a includ- 
ing systematic uncertainties. Using world average val- 
ues for fs, fd and B{B^ — > if+Tr^) [5] we obtain for the 
branching fraction B{B° K-tt+) = (5.0 ± 0.75 ± 
1.0) • 10^^ which is in agreement with the latest theo- 
retical predictions [5]. 

As the decay K~tt^ is a self-tagging de- 

cay, we can determine also the direct CP asymmetry. 
The CDF experiment has the unique opportunity for a 
model independent test for new physics by comparing 
Agy>{B° ~> K+TI-) with Agy>{B° ^ K~n+).ln the 
standard model one expects for the decay rate differ- 
ences [9] 



r(# ^ K-t:+) - rjB" ^ K+n- 
r{BO K-TT+) - r(B" K+TT- 



= 1. 



(4) 



This can be used to predict Acp{B'^ — » K~tt'^) from 
the known Acp(i?° K~^tt~), ratios of branching 
fractions and lifetimes. Using world average values pro- 
vided by HFAG [4] one gets AcpiB° K-tt+) w 
-1-37%. In Fig. [HI we show the probability ratio of be- 
ing B° or B^. We measure Acp(B^ K-'k+) = 
-1-0.39 ± 0.15 ± 0.08 with 2.5cr significance. While not 
statistically significant, this result starts to indicate for 
the first time a possible direct CP violation in the i?° 
system. The size and the sign of the measured asym- 
metry is in good agreement with the standard model 
expectation. 



5 Conclusions 

We presented here the latest result on the charmless 
two-body decays of B hadrons from the CDF exper- 
iment. We measure Acp{B^ K^tt^) which is in 
agreement with other measurements and has a compa- 
rable uncertainty. More important we observed three 
new decays which are B^ — > K~'tt^, yl" — > pK^ and 
A'^ pTT~ . For the decay B^ K^tt^ we measure 
also the direct CP asymmetry which for the first time 
starts to reveal an indication of direct CP violation in 
the Bs system. 

While we already obtained important results, there 
is lot of progress to be expected in this area. First 
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Fig. 6. Distribution of the probability ratio Csi/[Csi + 
Ca2) where Cai {Csi) denotes the probability to be -Bg 
The points show data while histograms represent dif- 
ferent fit components. 

of all, we already collected 2.5 fb^^ of data, which is 
a substantial increase compared to data used in the 
presented results. With this increase in the available 
statistics we expect not only a decrease of the statisti- 
cal uncertainties, but also the systematic uncertainties 
as in many cases the dominant systematic uncertain- 
ties come from the limited statistics of the control data 
samples. Finally a large sample of i?° K^K~ de- 
cays is interesting for the lifetime measurement and 
tagged time dependent measurements. 
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